Concerns have been voiced about the ethical implications of patenting practices in the field of biotechnology. Some of these have also been incorporated into regulation, such as the European Commission Directive 98/44 on the legal protection of biotechnological inventions. However, the incorporation of ethically based restrictions into patent legislation has not had the effect of satisfying all concerns. In this article, we will systematically compare the richness of ethical concerns surrounding biotech patenting, with the limited scope of ethical concerns actually addressed in the patent system. As sources of our analyses we will use literature and document studies and a survey with important stakeholders and experts related to Norwegian patenting in the aquacultural biotechnology sector. We will structure the analyses with an ethical matrix, developed for this 1✉ 1 2,3 2 1 2 3 e.Proofing
Introduction
Biotechnology has for many years been surrounded by ethical controversy. An OECD report prepared by Rigaud (2008) notes that 'the development of biotechnology has triggered many ethical and social reactions from the public opinion, the media and non-governmental organisations ' (p. 5) . For this reason, a new field of research, the field of Ethical, Legal and Social Implications of new technologies (ELSI) was developed in parallel with the Human Genome Project in the 1990s and, following this initiative, ELSI programs have become common companions to large scale biotechnology research programmes in all of the Western world for the last 20 years.
Patenting has become a similar companion to biotechnology. With the rising importance of the knowledge economy, patenting has become of paramount importance and even influences the development of the entire biotechnology field. Patenting also adds an additional layer of controversy to biotechnology. This is reflected in the broad policy discussions surrounding the introduction of the European Commission Directive 98/44 on the legal protection of biotechnological inventions (the Biotech Directive) in 1998 and a number of contested patenting decisions starting out with the well-known Diamond vs Chakrabarty ruling in the US Supreme Court in 1980 on a patent on genetically modified bacteria. The controversy is also documented by numerous scientific publications in the fields of law, ethics and social sciences, as shall be seen below. e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq...
Because of this controversy ethical concerns have been accommodated into patent law, both in the form of clarifications of patentability in the life sciences and in terms of ethical restrictions. In the European Patent Convention (EPC) this is expressed in Article 53 (Exceptions to patentability):
European patents shall not be granted in respect of:
(a) inventions the commercial exploitation of which would be contrary to "ordre public" or morality; such exploitation shall not be deemed to be so contrary merely because it is prohibited by law or regulation in some or all of the Contracting States;
(b) plant or animal varieties or essentially biological processes for the production of plants or animals; this provision shall not apply to microbiological processes or the products thereof;
(c) methods for treatment of the human or animal body by surgery or therapy and diagnostic methods practised on the human or animal body; this provision shall not apply to products, in particular substances or compositions, for use in any of these methods.
Rule 28 EPC of the Implementing Regulations to the Convention on the Grant of European Patents (which incorporates the Biotech Directive into European patent law) further specifies:
Under Article 53(a), European patents shall not be granted in respect of biotechnological inventions which, in particular, concern the following:
(a) processes for cloning human beings;
(b) processes for modifying the germ line genetic identity of human beings;
(c) uses of human embryos for industrial or commercial purposes;
(d) processes for modifying the genetic identity of animals which are likely to cause them suffering without any substantial medical benefit to man or animal, and also animals resulting from such processes.
These formulations appear to give quite substantial space for taking ethical concerns into account in patenting decisions. Moreover, by using the term 'in particular' the list of exceptions to patenting in Rule 28 EPC appears to be open-ended; opening up for continued deliberation on new technologies that should not be accepted for patenting. This would seem important in an emerging field such as biotechnology, where scientific progress takes place at a high speed. However, it is becoming evident that the ethical exceptions in the law are interpreted in a very narrow way.
In this article we will conduct an analysis of how the patent system currently is addressing the ethical concerns surrounding it. We will present an ethical tool, the ethical matrix, that is useful for systematically analysing ethically relevant concerns in biotechnology and biotechnology patenting. We will use this to show the richness of topics addressed in the literature on ethical aspects of patenting in biotechnology. We will then show that current patenting policies and practices have a much more narrow approach to ethics. This difference in ethical scope is confirmed in a small survey with stakeholders and experts related to two Norwegian patent cases. The survey shows the variation in ethical expectations to the patent system relative to the respondents' knowledge of and experience with patenting. We will suggest that the narrow consideration of ethical concerns in current patenting practices, compared with the ethical expectations of actors outside the system, will continue to provoke negative public reactions to biopatenting, unless the patent system is made more responsive to public concerns.
Food Ethics (EurSafe) contributed to establishing 'food ethics' as an important research field, where the ethics of genetic modification has remained an important topic.
No standard approach to ethics has been settled, neither in the human nor non-human biotechnology field. Rather, a great variety of ethical principles, values and arguments are brought to the table. Not only are arguments made based on general ethical theories, such as utilitarianism, deontology, the ethics of care, or justice-based approaches, but many scholars argue from more specific principles, such as the precautionary principle or the principle of sustainable development, without necessarily relating to a more disciplinary ethical debate. There are also attempts to integrate ethical arguments, values and principles into approaches at a meta, or procedural, level, for instance by developing practical, ethical tools (see e.g. the Ethical Bio Technology Assessment Tools project, Beekman et al. 2006) .
One such tool, the ethical matrix, has been used to outline the richness of biotechnology ethics, referring to the many substantial values and principles that figure in the discourse. This approach was developed by Ben Mepham, who first applied it to animal biotechnologies (see e.g. Mepham 2000) . Later it has been applied by a great variety of researchers in a great variety of settings (see for instance Kaiser et al. 2007 and Forsberg 2007) . The ethical matrix approach builds on the principle based approach in biomedical ethics [Beauchamp and Childress 2012 (1979) ] and acknowledges that different ethical principles are equally valid starting points in ethics (going back to The Right and the Good by David Ross in 1930) . The approach shows how such general ethical principles must be specified to each affected party in a specific situation. The principles may be seen as corresponding to general ethical theories (well-being refers to utilitarianism, dignity to deontology and justice to contractarian theories) (see Mepham 2005, p. 51 ).
An ethical matrix for food biotechnology is presented in Table 1 . The point here is not to argue for each specification in the matrix, but to show the broad scope of ethical concerns that are discussed with regard to biotechnologies (see Forsberg 2007) . An ethical matrix should reflect all relevant values brought forward in the ethical discussion in a particular topic area. The purpose of developing an ethical matrix is often to make ethical discussions or decisions more transparent. After a value matrix (like the one in Table 1) is agreed upon, a consequence matrix can be developed with the same structure, showing how a particular action (for instance a technology choice) affects the values in the matrix. This allows for more clarity in discussions; for instance about whether disagreements refer to different value priorities or to different understandings of the characteristics or consequences of the action. Here, however, we will simply use the ethical matrix as an analytic tool (not as decision making support). But then we need to adapt the matrix to the topic of biotechnology patenting.
Discussions about the ethics of biotechnology patenting refer to ethical issues concerning the intersection between biotechnology, private ownership and innovation. Biotechnology patenting ethics includes the 'pure' bioethical or biotechnology ethics issues, but transforms them by adding the extra layer of intellectual ownership. An ethical matrix for assessing the ethical implications of patenting in biotechnology would thus be quite similar to the one for assessing the ethical implications of biotechnology applications, but would incorporate some additional issues; see Table 2 . The values in the ethical matrix refer to prima facie principles, which means that they each have a certain ethical force, but it may be ethically justified to infringe on some values if this has important gains for other values, all things considered. What value trade-offs are justified in patent policy in general should be determined in a broad societal dialogue, and is not the topic in this article.
As a starting point the matrix spells out systematically values that are often brought forward in adjacent societal fields so we can expect them to be relevant also for patenting. In the following, we will use Table 2 to analyse e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... the scope of ethics considered in the broader patent ethics literature in contrast to the scope revealed in primary and secondary sources on the patent system, and to analyse results from a small survey. For our purposes the matrix will be a tool for showing the differences in what are considered ethically relevant concerns, from within the patent system and among a broader range of experts and stakeholders.
The Richness in the Scholarly Discussion
The richness of the ethically relevant concerns in biotechnology patenting can be observed in the scientific literature. Searching the EBSCO Academic Search Premier database on the terms "patent", "ethics", "biotechnology" and NOT "US" resulted in 98 publications. These publications confirm the wide scope of the discussions of the ethics of biotechnology patents. They concern ethical topics related to the patented materials and ethical topics related to the overall design and impacts of the patent system in the context of biotechnology. It is outside the scope of this article to give a full review of these articles, but some main categories of topics addressed will be presented here. We will also consider important contributions that did not appear in the EBSCO search, but was identified by 'snowballing'. Due to space limitations, only a few examples will be given of specific contributions within each category.
'Patents on Life'
Many of the identified articles can be related to the so-called 'patents on life' discourse. One of the principal topics that is addressed, and that has raised the most societal attention, is the discussion about whether patenting parts of the human biology is ethically permissible or not infringing on basic notions of human rights or dignity (Terragni 1993) . The discourse is in general related to deontological concerns about the dignity of-and non-permissibility of ownership to-human beings and living beings in general (Hettinger 1995; Adams 2003) . The most prevalent topics in this category are human rights, dignitarian and sanctity of life perspectives (e.g. Frati et al. 1999; Resnik 2001; Terragni 1993; Falcone 2009 ). This discourse was an important political force in the discussions preceding the introduction of the European Biotech Directive, and remained important with the continued discussions of the exception article and Rule 28 of the EPC.
These discussions revolve around the dignity principle presented in the ethical matrix (Table 2) . They are relevant especially for human beings as such, and the biosphere, including animals.
Concerns About the Liberal Interpretation of Patentability and Broad Patents
The Nuffield Council of Bioethics, in its discussion paper on the ethics of patenting DNA (2002), addresses concerns regarding whether DNA technically speaking should be patentable. Crespi (2005) argues against the Nuffield report and for such patentability. Reiss (2003) also argues for patenting of DNA, but notes that such patents have been granted too liberally. The concerns about the appropriate application of patentability requirements have also been raised concerning the creation of synthetic DNA (Schneider 2012) . This topic is an important part of the broader debate about the ambiguities in European and international patent law and about the challenges in interpretation of the Biotech Directive. One key feature of this ambiguity revolves around how the delineation between discovery and invention applies with regard to genes. This is often not articulated as an ethical issue within patent law, but it affects ethically relevant concerns, such as the dignity of animals defined as inventions.
Broad and upstream product patents are also criticised as inhibiting the normative mandate of the patent system, namely that of promoting innovation for societal benefit (Radder 2004) . It is argued that broad product patents are not adequately inventive and that they hinder further research and downstream innovation. Macer (2002) proposes specific procedures to elaborate how the criteria of novelty, nonobviousness, utility and public morality might better be used to take ethical concerns into account in the granting of patents (as well as procedures for postpatent governace).
As a more specific topic, it is discussed whether broad and upstream patents in medical research and the pharmaceutical industry specifically hinder access to medicines and treatment. Many suggest that biomedicine patents (both in Europe and in developing nations) function as a safeguard for further innovation, but may also limit equal access to important medical care (Faunce and Nasu 2008) . From an ethics of care perspective it is discussed how patent law can be informed so that the current ambiguities in European patent law do not inhibit important medical research (Warren-Jones 2004). e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... The liberal versus strict interpretation of patentability requirements has potential consequences for the well-being of several stakeholders in the matrix. Of course, a generous attitude benefits inventors (patentees, whom the European Patent Office (EPO) calls their 'clients'). However, it may not benefit competitors, who may face patents blocking their own innovation activities, and as an implication of this, it might affect national interests if some industries are blocked. Similarly, it is pointed out that broad patents may lead to less access for users of the patented inventions, also pointing to this row of the matrix. Access to medicines affect specifically the well-being and justice for consumers/end users and human beings as such.
Openness and Sharing of Knowledge
A patent makes knowledge available for the public as the patent document describes an invention. Thus, the notion of sharing or disclosure is at the core of what patenting is as a social and legal mechanism. Still, several articles provide a critical view of how patent rights and privatisation of the bioeconomy threaten the access to important technology and data (Kluge 2003; Faunce and Nasu 2008; Santoro and Gorrie 2005; Ciliberti 1993 ). Contributions also discuss the topic of patent holders benefiting from publicly funded science while blocking new research and innovation (Cho et al. 2003; Hodgson 1987 ). In addition, strong pressures to transfer research results to markets pose both research ethics and scientific dilemmas for scholars and institutions (Mangan 1987) . It is held that increased computational power is fuelling the research ethics implications of patenting, where the commercialisation rationale of patenting may be counteracted by a data-sharing rationale assumedly more aligned with the ethos of science. The research exemption is meant to counter-act negative effects of patents on further research, but the force of this exemption is discussed by for instance Soini et al. (2008) .
In genomic research, a dichotomy is raised between two strategies with regard to ownership (Marturano 2009 ). One is the patent-and-publish regime, the other the open-source approach. Such considerations can also be related to the Access to Knowledge (A2K) movement, as described for instance in the edited volume by Krikorian and Kapczynski (2010) , who argue that the appropriation of rights on singular genes or important medicines allows privatisation of knowledge that should remain in the public domain by default. Awareness of the benefits of data sharing, supported by an infrastructure for e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... pre-and post publication data sharing, have been proposed as measures to increase access to scientific results (Schofield et al. 2009 ; Toronto International Data Release Workshop Authors 2009). Mayer (2006) points to the importance of transparency and openness in molecular biology to counteract possible conflicts of interest and biases due to patent holders maintaining research positions without disclosing a financial interest. In addition, the growing problem of failure to disclose conflicts of interest in relation to patent ownership in pharmaceutical research points to the need for particular regulation and transparency as part of a soft-law practice in these arenas (Santoro and Gorrie 2005) .
The topics addressed here relate to the production of societal goods; in other words, the well-being of nations/regions and of users. Openness and sharing responds to the justice principle in the matrix, for human beings in general, for consumers more specifically, and for nations or regions. It inherently regards the relation between the inventors and industry/researchers as users of the patented products or processes, or of knowledge in general. Openness about ownership is also a precondition for informed consent and democratic decision-making.
Global Justice
The notion of justice, and distributive justice in particular, is addressed with emphasis on the uneven situation of developed versus developing nations in relation to international intellectual property (IP) regulation. Llewelyn (2002) articulates how the developing world and the developed world have drastically diverging outlooks on the current intellectual property rights (IPR) system, including patenting biological material. According to Gurry (2005) , fundamental differences in economic and judicial preparedness suggest that developing nations should implement alternative protective policies to counteract global bioindustry, as they today are not sufficiently protected through the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS).
Another aspect of the social justice dimension regards the potential exploitation of human genetic materials from developing nations (Dickenson 2004) . In genomics, disease diagnosis and disease prevention challenge policy-makers with regard to ensuring that benefits and knowledge are equally shared across the populace and throughout regions and parts of the world. The e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... connection between global justice and genomics pivots around the privatisation of research and innovation that could or should be a global public good (Smith et al. 2004) . It is held that international governance of biomedical industries, though concerned with the distribution of costs and benefits between countries of uneven economic viability, is characterised by considerations related to awarding innovation and risk-taking by biotech corporations.
There is also a call for establishing new normative frameworks that protect genetic resources, of both plant and animal species, and counteract the risk of biopiracy. In spite of the binding Convention of Biological Diversity (CBD) requesting prior informed consent by the country of source and the Nagoya protocol, Oberthür and Rosendal (2014) highlight the underdeveloped awareness and control functions of international patent law to ensure responsible governance of patent rights in the developing world.
In the matrix, global justice is obviously related to the justice principle, in particular it is related to the fairness of distribution across the human race, and nations/regions, and across rich and poor consumers more specifically.
The Above Categorisation
It should be noted that the above categories are partly overlapping and that other categories-and other labels for, and examples of, the categories-could have been identified. Moreover, many articles address a range of topics, belonging to different categories, meaning that they could be placed in several categories. The authors have not been able to give justice to the full content of each mentioned contribution. However, the main point-to illustrate the richness of the scholarly ethical debate as a whole-should be properly documented by this presentation. The 'ethics of biotechnology patenting' forms a discourse both highly complex and often radically multidisciplinary. The richness both originates from the issues themselves and the disciplinary framings of the issues.
We can observe that all the rows and columns of the matrix are referred to in the literature, except for the row of future generations, which does not appear to have been given great significance in the academic discussions, perhaps due to the time-limited nature of patents. However, as patenting contributes to shaping entire fields of research it does have long-term consequences.
The Inclusion of Ethics in the Patent System e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... The range of values and ethically relevant arguments documented above were expressed in the discussions that have shaped current patent legislation, especially through the Biotech Directive. Sterckx and Cockbain (2012) outline the process leading up to the current version of the European Patent Convention and how societal values affected the formulation of the patentability requirements (such as novelty, the notion of an invention, et cetera) and the exceptions to patentability. National regulations on compulsory licensing are also attempts to create flexibility in the patent system for taking societal concerns into account. However, it is becoming evident that the ethical exceptions in the law are interpreted in a very narrow way.
In particular, the interpretation of Article 53 (a) and (b) and Rule 28 (d) EPC seems to be under pressure. The NGO No Patents on Seeds! gives the following summary of the situation in the food and agriculture sector in a recent report (No Patents on Seeds! 2016):
Around 2800 patents on plants and 1500 patents on animals have been granted in Europe since the 1980s. Around 7000 patent applications for plants and around 5000 patents for animals are pending. The EPO has already granted around 180 patents that concern […] conventional breeding and about 1400 such patent applications are filed. (p. 4) Although many of these patents are on non-controversial applications, it is clear that the European patent system generously grants patents for both modified and conventional plants and animals.
It should also be noted that there are no examples of cases where any other technologies have been accepted as an addition to the list in Rule 28 EPC (quoted above). Sterckx and Cockbain (2012) observe that: 'Today we increasingly find that, for things that previously belonged to the public domain, private patent rights are being issued, even though according to a serious and non-industry-biased interpretation of the law this should be impossible. ' (2012, p. 15 , see also Thambisetty 2017).
Laurie (2008) makes a similar point: ' I would suggest it is a fair summation of that jurisprudence that there has been a trend towards (a) a presumption in favour of patentability, and (b) a tendency to interpret the morality provisions e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... in patent law very narrowly' [p. 98, see also Milius and Townend (2008) ]. Even though the inclusion of ethical concerns into patent law appears to be a sign that ethics is taken seriously in patenting practices, Parthasarathy (2015) claims that the ordre public clause has 'long existed in European legal documents to little practical effect ' (p. 74) . This seems to be a permanent state, as already in 1999 Drahos concluded from a broad survey of the practices of patent offices around the globe, including Europe: 'The scope of what is regarded as patentable subject-matter has quietly expanded. This expansion has occurred in two ways. First, the scope of patentable subject matter has been given an inclusive interpretation. Secondly, the restrictions on patentability have been narrowly interpreted ' (1999, p. 442) .
It should be noted that these commentators align well with the EPO's own guidelines and guiding decisions. The EPO says that 'according to established case law, any exception to patentability must be constructed narrowly' (Decision of the Boards of Appeal of the European Patent Office, T1199/08, C9076.D, p. 23). Moreover, the EPO states in its guidelines that the threshold for making exceptions to patenting must be high: 'The purpose of this is to deny protection to inventions likely to induce riot or public disorder, or to lead to criminal or other generally offensive behaviour (see also F-II, 7.2). Anti-personnel mines are an obvious example.
[…] This provision is likely to be invoked only in rare and extreme cases. A fair test to apply is to consider whether it is probable that the public in general would regard the invention as so abhorrent that the grant of patent rights would be inconceivable.' Furthermore, in the balancing act required by Rule 28 (d) the EPO requires substantial documentation of suffering in order to deny a patent, which can be difficult to produce for early stage animal biotechnology applications. Analysing the real effect of Article 53 and Rule 28 EPC on patent grant decisions is not entirely easy, though, as patent examiners may seek to deny ethically sensitive patents based on other, less ambiguous, articles in the EPC than these clauses (with the aim of avoiding time consuming oppositions and appeals).
Drahos claims that the practice of interpreting patent law articles and rules is significantly influenced by the main interest groups in the patent system, namely multinational corporations, and the expansion of patentable subject matter appears to be driven by what he calls (for instance in Drahos 2010, p. 155) 'gaming behaviour' by such corporations. Gaming behaviour involves creative justifications provided by the corporations' lawyers in order to 2 3 4 e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... circumvent the patent from falling under the exclusion paragraphs, and may be fuelled by economic incentives for patent offices to grant a high number of patents (Staff representatives, EPO 2007) . Proximity to industry is indeed institutionalised in the system, for instance, by the new pilot program 'Closer Contact with Major Applicants', launched by the EPO in 2015.
A frequent argument used in favour of a narrow interpretation of the ethical exclusion from patentability is that patent law only protects the ownership of the invention and its concern with the moral impacts of the patented inventions should be minimal (i.e. the moral acceptability of the use of the inventions should be regulated by other laws). An assumption is that a patent is not a positive right to exercise the invention (as there may be other legislation prohibiting the use of the invention), but a negative right, i.e. a right for an inventor to hinder other actors to exploit his/her invention for a certain period of time (see for instance the statement by the EPO Boards of Appeal in point 18.2 of the Decision in the Case T 356/93).
A number of scholars also argue that the patent system is neither designed nor staffed to evaluate ethical issues (Reiss 2003; Beyleveld 2000; Crespi 1993; 2000, Zimmer and Sethmann 2005; Grünecker et al. 2005; Witek 2005) . In this view, the exceptions to patenting should be designed to demarcate clear instances of technologies that are not meeting the patent criteria of inventiveness, novelty and industrial applicability and there should not be further ethical ambiguities within the patent system.
Taking a narrow approach to the interpretation of the public order or morality clause, and a liberal approach to the patentability requirements, implies focusing only on a few of the cells in the ethical matrix (Table 2) ; in particular, the values pertaining to the inventors and the well-being of (some) nations. The client focus of the EPO directly privileges this stakeholder in the matrix. This is an inbuilt, systematic ethical bias in the patent system. Ultimately, this protection of the inventors is supposed to lead to increased well-being for human beings and consumers in general (as they reap the benefits of increased investments in research and innovation), but whether this is indeed the case is being contested (as shown in the above literature review).
There is thus evidence that the broad range of moral concerns related to the patent system are currently not responded to within the system and that the moral stakes of other stakeholders than the industrial to a large extent are bracketed.
Study of Stakeholders' and Experts' Attitudes to Patenting
The main strategy in this paper so far has been to demonstrate the richness of ethical concerns found in a literature review on patent ethics in biotechnology, and then to give evidence of a narrow approach to ethical issues from EPO guidelines and case law, as well as from secondary sources. A familiar argument from the legal side is that the expectation that the patent system should address such a wide range of ethical concerns relies on poor understanding of the system and its intentions. In the Patent Ethics project, the validity of this argument was studied in a small survey of different stakeholders and experts in two Norwegian cases concerning aquaculture patenting.
The Patent Ethics project studied ethical dimensions of patent law in non-human biotechnology, focusing on biotechnology in aquaculture, and included two aquaculture related case studies from Norway: a case study on the processing of a patent on the AquaBounty genetically modified (GM) salmon, and a case study on a request for a compulsory license related to a patent on the Pancreas Disease (PD) virus. In the case studies we were interested in the morally relevant attitudes and judgements of different involved actors from industry, the patent office and other public offices, as well as of other interested parties and experts.
For the purpose of our attitude study, we do not need to provide any detail on the cases. It suffices to say that we interviewed a total of 16 informants, who were all interested parties in one or both of the cases studies, or had expert knowledge of the issues in question. The interviews consisted of an identical part, reported here, focusing on the respondents' general views on the patent system. In addition, there were case specific questions of a qualitative nature. All informants had higher education (12 from the natural sciences) and had positions in different organisations such as private companies, ministries, research institutions or interest groups. 15 informants were related to Norwegian organisations.
We asked the informants to score their own knowledge of patenting and to indicate whether they had been involved in applying for or processing patents. The number of respondents with different knowledge levels and involvement are given in Table 3 . Three assessed themselves as having little knowledge, six as having some knowledge and seven as having comprehensive e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... knowledge. Eight assessed themselves as having been involved in patenting, and the same number as not having been involved. We can see that respondents with little knowledge but involvement in processes were not represented in this study. The authors cannot definitely place any particular respondent as taking the perspective 'from the patent system' from any of these categories. However, we may infer that if you have little knowledge of the patent system and have never been involved in patenting, you are not taking the perspective of the patent system. If you have comprehensive knowledge and have been involved in patenting, it can be assumed that you will have views that are more aligned with how the patent system works. Analysing the results based on the categories of knowledge and involvement will thus give some indications on whether we find the same difference among Norwegian stakeholders and experts in these two cases, as found in the literature and document studies presented above.
As a part of the interviews, the informants were asked to score their agreement with 15 claims about patents and the patent system, loosely corresponding to the different values presented in Table 2 , on a scale from 1 (completely disagree) to 5 (completely agree). The scoring alternatives were: 'completely disagree', 'disagree', 'neither agree nor disagree', 'agree', 'completely agree', 'don't know' and 'not relevant'. The responses of 'don't know' and 'not relevant' were excluded from the analysis. Where the respondent chose not to give a score (for instance if he/she believed the claim was meaningless or did not want to give a response for political reasons) the response was treated as missing and excluded from the current analysis. e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... The descriptive statistics of the data are given in Table 4 . Table 4 Descriptive statistics (overall means, number of respondents and standard deviation) of responses to questions in terms of agreement with the statement on a scale from 1 to 5 where 1 = completely disagree and 5 is completely agree
Statements
Mean The responses were analysed with a one way ANOVA (SAS statistical software package) with either knowledge or involvement in patenting as independent class variables, because adding additional variables did not improve the model significantly. A likely reason for this may be the limited number of observations and low power of the data to reveal potential additional effects. The effect of knowledge and involvement in patenting on the responses to statements were tested as differences between mean responses with Students t-tests.
Results and Discussion
The highest average agreement was estimated for statements (a), (b), (c), (k), and (m) with averages above 4. Statements (a), (b) and (c) can be said to represent the 'basic values' of the patent system. Statements (d)-(o) represent e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... a broader range of values, as depicted in the ethical matrix. The lowest mean agreement was found for statements from (g) to (j) as well as statement (n).
In order to study differences in perspectives from within and outside the patent system, we also broke down the answers based on knowledge of patenting (Table 5 ) and prior involvement in patenting (Table 6 ). From Tables 5 and 6 we see that respondents more distanced from the patent system (i.e. those with little/some knowledge and those with no experience from patenting)-more than those closer to the patent system-tended to think that the patent system should not be exempt from broader societal values (e)-(o), although for several propositions the findings were not statistically significant. More details will be given on this.
When it comes to differences in opinion in Table 5 , significant higher mean agreement (P < 0.05) with the statements (e), (f) and (g) was estimated for low knowledge compared to high knowledge respondents. For statement (h), the low knowledge respondents also scored higher although the difference was lower and less significant (P < 0.10).
With regard to what the groups agree to (meaning that the mean score is 4 or higher), Table 5 shows that those with comprehensive knowledge of patenting only agree to the standard views on patents [i.e. that they should protect private initiative and investment, lead to more innovation and create societal goods; statements (a)-(c)]. Those with less knowledge and/or involvement in patenting also agree that it is important that patents should not be granted for e.Proofing http: //eproofing.springer.com/journals/printpage.php?token=qGXkgq... technologies that contribute to harming human (e) or animal (f) health or welfare. They also seem to agree (though the numbers are not significant) that privatisation of naturally occurring biological material should be limited (k), that (more) experts can be involved in the patent examination processes in cases where it is difficult to assess the patentability requirements (m) and that pharmaceutical and food production related patents should be regulated for fairness reasons (o). The differences between knowledge groups are smallest with regard to the importance of the basic values of the patent system (the three first statements) and statement (d).
The same trend can be seen for the effect of involvement in patenting (Table 6 ), but here there was a higher number of significant differences. Besides the results for the standard values of the patent system, significant differences in opinion were estimated for statements (e) to (j), and for statement (n). Those without prior involvement in patenting also agreed with statements (e) and (f) (as did the low knowledge group), as well as significantly with statements (h), (i), (j) and (n); all which was agreement that was not shared with the group with experience from patenting.
The results are reasonably similar (varies with up to 0.4) if we compare the answers given by the respondents with high knowledge and those having been involved in patenting, and if we compare the answers of the respondents with little or some competence and those who have not been involved (varies with up to 0.6). This is explained by the situation that these groups are largely overlapping (see Table 3 ). The mean answers by the group who had not been involved in patenting, compared to those that had, are generally higher than the answers of the group who had low knowledge compared to the group with comprehensive knowledge.
It should be noted that the respondents' self-assessed knowledge was not validated, so the actual knowledge of the respondents within the different categories may vary. However, from knowledge of the respondents' professional background and current work, we believe that the self-assessed knowledge is quite valid.
The number of respondents and power to reveal differences is low, but the respondents represent key stakeholders and experts in Norwegian aquacultural biotechnology, and the results are therefore interesting. However, a much more comprehensive survey should be conducted to validate the tendencies we see in this small sample, namely that those with less knowledge and e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... experience of the patent system have higher expectations that it should reflect a broader range of societal values. Rather than being a reason for simply dismissing the views of those with less proximity to the patent system, this should be worrying for the proponents of the current system. As most citizens-and even societal interest groups-have little understanding of the highly technical field of patenting, this widespread 'misunderstanding' might amount to a serious legitimacy problem for the system. Citizens or interest groups may indeed resist the label of being simply misinformed and instead insist that they represent a normative stance towards what they perceive as an ethically insensitive system. Indeed, the broader values discussed here were prominent in the discussions informing the exception articles in the Biotech Directive and this political discussion cannot simply be dismissed as badly informed. That the values corresponding to statements (e) to (h) have a significantly weaker position among respondents close to the patent system is thought provoking.
This section has shown that the less one knows and the less one is involved with patenting the more one tends to expect with regard to what ethical concerns should be taken into account in patenting. This confirms the findings from the ethical review, identifying a much richer ethical discussion outside of the system than what is reflected in the system.
The Legitimacy Problem
Above, it is suggested that the patent system's lack of anchoring in public values might amount to a legitimacy problem for the system. Borrás et al. (2007) makes the same observation:
Since the mid-1990s groups of citizens and non-governmental organizations have been heatedly questioning the granting praxis of EPO on [the biotechnology and software] areas, claiming that EPO is unjustly expanding the limits of patentability pre-defined by the European Patent Convention. For these groups, the EPO praxis is ethically and economically problematic, since it benefits specific individual economic interests rather than the wide economic and social interest. For the purpose of this article, the latter issue about social pressure needs further consideration. It is particularly important to examine the way in which the EPO has been facing the challenges of this social pressure, a social pressure that is ultimately an expression of a certain loss of social legitimacy. (p. 596) This threat might not be obvious to the reader as indeed the overwhelming majority of people know little about the patent system or the implications of patenting, and thus do not question its legitimacy. A final reflection on the question of legitimacy is thus in order.
In a seminal article from 1995 Mark Suchman gives an overview of literature on strategic and institutionalist approaches to legitimacy. He describes legitimacy as a relation between an organisation and its environment and says that it is 'a generalized perception or assumption that the actions of an entity are desirable, proper, or appropriate within some socially constructed system of norms, values, beliefs, and definitions' (p. 574). An organisation may have pragmatic legitimacy, which 'rests on the self-interested calculations of an organization's most immediate audiences' (p. 578), i.e. patent holders/applicants, patent attorneys and industrialised states. It may also have moral legitimacy, which 'reflects a positive normative evaluation of the organization and its activities' (p. 579). Finally, it can have cognitive legitimacy when it is accepted as 'necessary or inevitable based on some taken-for-granted cultural account' (p. 582).
What is shown here is that the legitimacy of the European patent institution in the area of non-human biotechnology appears high in a restricted societal group (corporations seeking patents, patent attorneys, etc.). However, if a broader societal group (society in general) takes an interest, the legitimacy (at least the moral legitimacy) is likely to be perceived as significantly lower. Also, the pragmatic legitimacy may be lower, as it is unclear how the society as a whole benefits from the patent institution related to biotechnology (as discussed above). However, we would expect the cognitive legitimacy of patenting to remain high, as this is an institution we as a society may regard as self-evident, probably due to its historical anchoring. Suchman states that as long as an organisation has cognitive legitimacy (it 'makes sense') it can avoid questioning. However, moral legitimacy is an important safeguard against impending non-sense (ibid.). That 'patents on life' did not have the same self-evident status as patents on ordinary inventions, may have been the reason why the moral exception paragraphs were specified for biotechnology in the first place.
Suchman states that legitimacy is a perception of a social group in that an 'organization may occasionally depart from societal norms yet retain legitimacy because the departures are dismissed as unique', and also notes that an 'organization may diverge dramatically from societal norms yet retain legitimacy because the divergence goes unnoticed' (p. 574). However, if the anti-elitist tendencies we observe in Western countries extend to include resistance to a perceived alliance between 'elitist' state bureaucracies in the EPC member states, the EPO, and major, multi-national corporations-all far removed from 'ordinary people's' interests and lives-the moral legitimacy risk may become an existential risk to the patent institution in general, as its cognitive legitimacy and self-evident character may end up being questioned.
Ultimately, a narrow ethical approach may threaten the social contract of the patent system, where 'society offers a monopoly in exchange for the release of an invention of social value' (Drahos 2010, p. 30 ). If society begins to question the social value of an increasing amount of inventions, monopoly rights-at least in the field of biotechnology, and potentially other emerging technologies, such as software-may in the end be withdrawn.
Concluding Remarks
In this paper, an argument has been made based on two main sources: a review of patent ethics literature and results from a survey related to two Norwegian case studies. A large variety of ethical concerns regarding biotechnology patenting in the general patent ethics literature have been documented and it is shown that within the patent system there is only limited consideration of ethical issues, even if Article 53 EPC and Rule 28 from the Biotech Directive were intended to bring in stronger protection of ethical concerns in the system. It is also shown that there is a similar difference in what is expected of the patent system by experts and stakeholders closer to or more distanced from the patent system. It should be made clear that there is nothing wrong with the exceptions included in Article 53 and Rule 28 EPC. However, they only respond to a very narrow range of ethical concerns (mostly of a deontological nature) and they are in practice interpreted in a narrow fashion. Thus, they do not respond to the broader range of ethical concerns and expectations represented in society at large. One could perhaps argue that the patent system simply has a normative, value-based platform that places particular emphasis on these deontological values, and can justifiably disagree with the importance and relevance of other societal values. However, this is problematic when it is taken into account that the EPO is guided by the EPC, which is developed and in principle defended by democratic states. In none of the EPC member states have there been broad political and societal discussion on the way the EPC exception paragraphs are interpreted, and no publicly deliberated consent to exclude other ethical concerns.
In the article, it has been suggested that as long as these differences persist and the richness of ethical considerations existing among scholars and stakeholders are not addressed head-on by the actors in the patent system, the patent system will continue to evoke academic and interest group resistance. As a result, the request for open science and open access may also become stronger. Of course, actors in favour of a minimalist approach to ethics might hope that the ethicists, interest groups and the public will simply lose interest in the topic. However, with the ever-increasing technological options exploited and patented in the fields of emerging technologies, potentially touching on deeply felt ethical concerns about well-being, dignity and justice, there is reason to believe that the public interest in the patent system will grow, rather than decrease.
A greater opening for ethics within the patent system must be done in a wider dialogue with society: with legislators, politicians, a broader range of stakeholders and citizens generally. Ethical ambiguities should not be solved by reductive strategies behind closed doors, but rather faced transparently with the societies that gave a mandate for the EPC, and for biotechnology patenting, in the first place.
The so-called interactive approach to law highlights that societies' moral and legal norms should have a continuous interaction: "legislation on ethical issues should be designed in such a way that it is an effective form of communication and that, moreover, it facilitates an ongoing moral debate and an ongoing reflection on those issues, because this is the best method to ensure that the practice remains oriented to the ideals and values the law tries to realise" (Van der Burg and Brom 2000, p. 61, see also Forsberg 2011) . Although Van der Burg and Brom have citizens in mind, it seems reasonable that also patent examiners and other actors within the patent system should interpret the ethical signals included in the law as guidance in their interpretation of the law and contribute in the ongoing moral reflection on how ethics can be part of patent law. Even if patent law naturally should e.Proofing http://eproofing.springer.com/journals/printpage.php?token=qGXkgq... protect the legitimate ethical interests of the inventors, this does not give carte blanche for ignoring the broader ethical side.
